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identity and characteristics of the hy-products,
(4) the purification of RDX. The results deacribed
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CONEIOENT AL

The principles agd conditions were determined for obtaining RDX
. (or RDX-HMX) in high quality and in excellent yield The RDX was
prepared by the action of nitric scid, acetic anhydride, and ammonium
nitrate on hexamine which was added in the solid form, in the form of
the dinitrate, and also in acetie anid, |

The processing of the mwoduct is described. Nearly pure RDX can
be filtered directly from the rcaction mixture or a mixture of RDX=
. HMX can be obtained by diluvting “he reaction mixturo with water. In
order to obtain a good product by the latter procedurs and also to
got the dflute acetic acid methor liquor in a botter condition for
" pacovery, it is rocommended ‘hat il1n diluted reaction mixture de
heatocd at 90-95° for a faw henrs.

An acetone tnd o nitroacthane vucificaticn of the product were
worked cut which gave o product wit: mm eeility, vacuum stability
and ballistic povwer within tho sracificntions.

The offect cf various fmctors on tho sonsitivity of RDX-HMX mixe
tures is discussed.

A structura is proposed for the high-molting impurity, HMX,

- which accompanies the RDX.
Soﬁo work is reported on the study of BSX, a substance whiech can

be odbtained from the same roagents used to prepare RDX.
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THE PREPARATION AND- PROCESSING OF RDX _

Methods of -Preveration- -

RDX from -Hexamine DPinitrate - -
As described in our formal report of 1ast~year1, conditions had
‘been discovered whereby it was possible to obtain granular RDX of high
quality and in good yield directly in the reaction mixture by the so-
called combination process. In this new process, hexamine {solid or
in acetic acid solution or as hexamine dinitrate) Jis treated with 98%
nitric ocid, ammonium nitrate and acetic anhydride between 50 and 800

to yield two moles of RDX per mole of hexamine. The overall equation

" is:

CH 0N CH NO
/ ..2’\__._.. . ).[. HNO 2 \ X ',-“/ \E\N/ £
,«CHE/? 3 i |

"N
|
]

i

H |
=y |+ 2NHNOg -»>2 G, CHy + 12 CHy000H

T e~ © (O \'?"
N NO,

All of the factors had not been worked out, however, Ifor occas=-
ionally a'selatinous mass would be obtained in the reaction flask
which was difficult to stir and to filter., 1In the V-geries of exper-
iments, of which representative experiments are describéd below, a
systematic study was undertaken to determine the conditions necessary
. for obtaining granular crystals of RDX. This study was succecssful.

In V=61, the experimental details of one of the successful pro-

RDX from
cedures for preparinsNhexamine dinitrate are presented. The yield of
RDX (n. p. 201-203° with previous softening), in thc first crop (this
term will be explained later) was 77% (based on two moles of RDX per

mole of hexamine), The preparation of hexamine dinitrate from solic

hexamine and from commercial hexamine solution is described first,
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Hexamotg*lcnetetrnminc Dinitratq;r A goluticn of 120 g. of
hexanc cnetotraninc in €Cs © ator wons vreparcd in o cne-liter,

widc-nouthcd Erlonncycr flogk. The flasz was placed in an ice-salt

bath and the sclution stirred nmochanienlly whiile 12045 cce. of 70%

nitric acid was afded 2t such a ratoe thn 3 thc tonperature éid nct risc

. above 15°, The scluticn was cooled to 5° and filtcrc (wo centrifuged
our »rcduct but suetion nay alsc be wsel)e. The u0lil achering to the

flask was ‘‘ashod ints the filter with a snall portion (20 tc 40 cc.)

af ice-ecld 20% nitric acid. The produet nay be washeld with acctone
to facilitate Arying but this is not nccessary. Tac hoxoncthylone-

%gtr?mino dinitrate is air dried at riin tumporﬂturc; yield, 217 g.
5%

It was of intorest tc Jeternine if tho commoereinl hexoniine solu-
tion could bec uscd dircetly in the preparation c¢f hexanine dinitrate
without the previcus isolaticon of the hoxamins. We cbtained from du

Font (R.&H.) a carboy of hexanine gclution whiech wu found to be 25.5%

hexanine by woight.

Ae= A 447 cc. sauple of this sclution was concentrated unlcr
reduccl pressurc to o volunc of aavr"xl ately 270 ce. To this was
a2t¢e (teuperature kont unPcr 15° 3, ¢ropwisc, 156 ce. of o 605 sclu-
tion ¢f nitrie seid (2 195 cxecss). After ec.ling to 5°, the product
wnsg cbtrifugud anl air ¢ ricc Yicl:, 212 g (ijT.

Be~ 1In scric cxperi"cvts the 25450 sclution vas used without
coneuntration. For exarple: 300 cee of the solutiorn wes trenteld in
the eold with 95 cc. of 70p nitrie cei? (o 4535 cxeess)e The nixture

w""(cuo%cé tc 5%, centrifusc?, an? the produet oir dricd.  Yicld, 144
6. C4(

Thcese cxperimentg inciente that it iu feasible to cbtain hexaninc
Cinitratc 2ircetly fron hoxanine solutims,.

V-6l:~ A fivc-ncekel, cne=liter £lask wuas uscel, (on. ncek for an
©effielcn® niceatnienl stirrer, onc for the tacrwncter, tw. for bur-
ctten, 2n) o large flanges enc for the ~0dition of s.1lid)e The flogk
was ploeel in o water bath net mueh larger in dinncter than itself,
mais dboth was couiype? with o thersencter on® ecol? be beztel by steon
an’ eocled by ruvuning water.

Three nen vers reouired to rogulate thc wilitiom onl countril the
tzineratare for the roaetiun, ulxtj-fIVb Lronis o Auﬁnginﬁ :initratc
wos 2iviled inte 2¢ portins, (caeh »irtin wos w i‘h¢1 inte o Jry
teot tube T.r e.avenienes in n"nxlln:; 160 cec. of <tic nmylrilc wng
alzeer” ia o burctte eslivrated in 27 portiuncg aad 25 ce. of 98,5
nitrie "cﬁi Wwos plrecs in ansther burctte cealiovravel in 29 zoertions.

At the ba-inmings of the run, 20 ge of wewdore’ orzoniuws nltroto
and 15 ce. T -1lucinl sectie aeil were Lisce® in 1. flask. The toii-
reraturc wag roiscd . 757 anf tw: sorticne L cectig canhy®rile woro
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~ilelle Vigorous stirrirg was startcd. 4iter thc addition of one-
quarter portion of the dinitrate, (to act as an inhibitor), one por-
tion of nitric acié was =lowly alded. Thue second portion of nitric
acid was z2éaed simultaneounsly with the aldition of the remeindcr of
the first portion of dinitrate. The rcmainiugs twonty-five portions X
of the thrce rcaectants were then aiddced covivaloently and simultancously

over & pcriod of cbout fiftcen miuutus. Five scrtions, (five grams

sach), of powdcred ammonium nitratc wore adasd at convenicnt intervals

furing thc aaiitiong of tic first tca portions.. fLhc tcmperaturc was

maintained at 72-78" for the entirc rcaction.

Tho first man 2ddcd thc nitric acid oné watchced earcfully tho |
insidc and outsidc temperaturces, regulating the steam and cooling F
watcre Thc socond man addcd the acetic anhydride to corrcspond to the ’
addition of the nitric acid and, watching tho nitric a2cid burctte,
called off tho addition in quarior-portions. The third man added the
solid, hexaminc dinitrate, to correspond tc the additions of nitrie
acid; he addcd a qunrter of tho contents of thc test tube at o time.
Tho addition of the ligiiids was continuous oné that of the solid
affectively so, (i.¢. in 100 quartcr portions).

Aftcr the 24ddition wos ecmplete, the mixturc was stirred for
fiftcen minutes at tho same temperaturo. The wateyr botn was then
removed ~nd the mixturc was allowcd tc eool to 60%, (sbout ten minutes
were requircd)e It was £iltcered throush o worm coarsce Jona funncl,
The product was woshed with 30 ce. of c6ld glacinl acutie n2eil, and
thon with two 50 ce. portionz of het watere The cir éricd produet was
-granular snl of geol appenrance; yicld 83.3 ge (774)5 me p. 201-203°
uocrr., with previous softening.

The fellewing tuble gives 2ta on runs similar te V-61. It showus
the cffcet of recagents and manner of acddition on yicld and cunlity.
Table I

Experimcents Similar to V=01

In thcesc cxperiments 65 g. of hexomine dinitrnte, (DN), was uscd.

In runs V-12 to V-33, thu anmhylride ~nd nitrie nccid werce proviocusly

mized, (ir the cold); in runa V-40 to V-60 they were adfcd sceparately
witheut nixing. |

abbroeviationg:  AcOHS acctic ncid; ANl = axmoniwn nitrate; Acan =
nectin anhylride: D¥ = hexemine Cirnitrute; ML = muthor licucr (not

Milused with wabtos ) frem 2 previous bdateh.
¥

Theerctieal Yicld = 104. i

Ly
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Run Yicld M.E. Nitric Acin AN oadded du- Material in
No. Zfirst o ~ heidy ccCe ring reaction” flask 2t
crop corr.® CCe stert
e
y-12 51.2 204-205° 26 160 50 z. mixed 14 cc. mix.d
with DN
! ¥-13 67.6 203-204° 26 160 " n 7 cc. mix.
v-12 77.0 196-199° 22 160 n n n n
t v-15 71.3 201-204° 26 160 o 3 " n
y-21 67.1  203-204" 27 162 n " 14 cc. mixXe
i 13 cce. acAn
V-27 80,7 =202-203° 23 166 45 g. mixel 14 cce. miX.
i with DN 13 cc. hChn
5 g. AN
y-28 82.1 200-204° 24 160 15 g. after 15 cc. AcOH
portion #8; 14 cc. mix.
FERE et 15 g. cfter 20 g. AN
ot -_'"é'%g':a. #14
| S2E32555 v-29 73.5 109-201° 22 160 30 g. mixed 10 cc. ACOH
SCE R with DN 14 cc. mixe
;g§;§i§§ 11 go m
_:E;,*Z:?:&é-g '
FE2E5cfT v-30 6246 198-201° 26 160 L o as in V-28
50230 yom se.2  199-200° 25 160 ag in V-28 es in V-28
y-32 82.9 200-202° 24 160 23 in V-28 15 cc. ML°
) 14 cc. mixe
20 g. AN
7-33 79.6 198-200° 24 160 10 g. after =~ o8 in V-28
) portion #8;
9 g. after
#1e
v-z4 81,0 £01-203° 26 160 20 g. after 15 cc. ML
portion #5 14 cc. mix.
: 25 g. N
V-33 81.6 200-£02% 26 160 n.ne 5 cc. ML
1a CCe 121X
y-3. 5.7 200”28 160 ) 3

T
gAY € - 4.
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V-41 81.8 198-200° 27 150 none as in V-39
v-«8fe5.8 198-203° 26 160 ncne 30 cc. ML
45 Ee AN
: (gran. )
' V-29861.4 199-203° 26 160 none 30 cc. ML
¢ 45 Se AN
E - :
v-50881.4 199-202° 26 160 - none os in V-48
! V-60 B4.6 201-203° 26 160 6 x 5-g. 7 ecc. ACOH
! portions. 14 ce. Achn

0.75 cc. HN05
15 g. AN

Notes: (a) With previous softening. (b) Volume of 98% nitric

acid at 10°. (c) Fowdered ammonium nitrate. (d) Solution of nitric

-acid in acetic anhydride. (e) Clear mother liguor from previous run.

(£) Addition required 11 mimtes; product was granular. (h) Addition

required 18 mimutes; product was granular. (i) By accident solid was
‘added one portion ahead of liquids.
Comments on Table I:- Experiments V-12, V-13 and V-15 show the

results of being different amounts ahcad on the addition of the liquid
mixture, all three expériments used the samc amount of nitric acid.
V-14 41sed less total nitric acid, the rcsult: lower quality, higher
yield. V-27 and V-28 show that ﬁsing more than the theorctical amount
of ammonium nitrate results in an increascd yicld.of good qualitys A

¥ °
comparison of V-23 with V-30 shows that with 50 g. of ammonium nitraté;

24 cc. of nitric acid produced;a higher yield than did 22 ec. A com-

parison of V-28 with V-30 shows that thé quality is distinctly better
when the armonium nitrate is added in the early part of the reaction.

rhe hicr 7icl? (80%) and the low quality of V-40 show the drastic

vanine dinitratc)
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before the 2ddition of the corresponding amount of the liquid reagents.
An examination of V-48, V-49 and V=50 leads one to conclude that (a)

if a run with coarse ammonium nitratc is carricd out slowly (V-50)

the results are the same as using fince cmeonium nitrate and operating
more roapidly (V-49); however (b) if thc run with the coarse ammonium
nitrate is at the same rato as that with the finc, the yicld is highor
but thc product is inferior (V-48).

The 7--€1. wcehnique is quite satisfactory from the standnoint of
vicld and gamlity. However, dbucnusc of the small volume in the flask
at the beglming ol the rocction, control is difficult, a difficulty
‘that night bcerms morc marked on o largor senlcs For this renicon wo
cmductcd » gerices of ocxpurincnts with the objeet of maintailaning the
'yiela nra gueliity but using o lorger cehnrge in the 1k ot The
hegimang ¢ f the reaction, V-86 is the result of thiz work. The
taitinl chorze hno been doubled nd the yicld and qunlity a2ro still
good.,

V-86:= Thc zonercl technique is the game os thnt deseribed for
V-61l. The hex~mine dinitrate useéd, (65 ge) wos (ivided into 26 por-
tions. Ono huudrced ond forty-Tive cc. ¢f nectic cnhyéride wns ploosd
in = burcttc enlidrnted in 26 pertions, ~nl 26 ce. of 98% nitric acid
was plrecd in anothor burvttc cealibrated in 28 portions,

At the beginning of the run, 50 g of &ry cmnmonium nitroto (60-
120 meskh) and 30 ec. of gleoeinl acctie ne:dl wore nlaced in the flask.
Tace temperaturce wzs roiscd to 75°2 and 30 ce. of =cetic ~nhylride vas
ndéel, (this wos 30 ce. in ~0&ition to the 145 ce. in the burctte)e.
The resuliin: aixture wos fluil oanl gquite cooily stirred. Lfter the
~2eition o Suc-quorter porticn of the Jinitrote (to eet as inhibitor),
tue portiocng of nitric zeid wore slowly o'fdude The third portion cf
rleric coil wan then alded simaltancousl; with the remaineer of tie
first psrtica £ Jinitrate 200 the first osortiun of cecetic anhydrice.

: The revainin, 256 norticng of the three rengents were thon olled
cquivironbly el ctiuuitancously Lver o oporiocd Lf nbout tyelvi minutcs.
Mic tempor tves within thie £l2sk was mointnined ot 74-767 tiruughout

cthe 2 titiun.
Aft o too wlitier wes complete, thoe nidture voo ctirrel Ior
fiftoen: .irmtel 2o the same tenperpuaturc, e bhon wllowe.. tu cucel to

60" nn? [iltere: on” woanele Yicld, 6l.8 ge; e e 201-i03" {corre ).
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Toblc II givee 2atz on runa siamil~r t: V-86,

- Table II

a

Experiments Similor to V-86

A11 of these runs required approximatcly fiftecen minutes for the
céditicn of the renctonts. The torperature throughout waes mrintained
at 74-76%°. In 2all cf the experiments oxcoept V-87 and V-88 thore was
, 90 go cf powdcrod cmmonium nitrate in the flask ot tho boginning.

A1l cxperincnts cmploycl 65 ge of hexomine Cinitrate divided into 26
portions. T.i2 runs wore started with 30 ce. of acutic acid cnd 30 ce.
of acctic anhydrice in the flaske The quontity cf anhylride listed
in tho table docs nct inelude the 30 cc. in the flesk at the start.

Theoretical Yicld, 106.8 &,

Run Yield M. pe °C. (corr.)® LAcAn  Tctal e, Coe of nitric

No, first CCo of nitrie¢ czeil in flask
ecrop aeid at start
e
V=70 72,0 203-205 (198) 145 26 ¢ 3
V=71 7644 202-204 (195) 145 27 C 2
V72 78,5 202-204 (195) 145 26 C 2
V=73 82,0 202-203 (195) 145 26 R 1.5
V-76 84,0 199-203 (190) 130 26 R 2
V=77 61.5 199-203 (190) 130 26 R 3
V=78 76.6 201-204 (195) 130 27 R 3
V-83 80.5 199-203 (193) 145 26 R 2¢
V-84 76,7 202-204 (197) 145 26 C 2
V-86 8L.1 201-203 (196) 145 26 R 2
V-87 80,7 202-203 (196) 145 26 R 2¢
V-88 63,0 201-204 (196) 130 26 R 28

{a) Scftening pointg 2re given in narenthoscs.
tb) Mhe letter "CY inCicentes thot tlce veolunce wag measured o

b
A R o
10°; "R* indicotus thot the volune wac ncasurced ot 25 .
(¢) 4t the beginmiinz of the reaetion, the 2 cce of nitrie acid
were &fdet to the nectie neidl before thu 30 cee of nectic anhylrile
were aloel

[
() 4 t-tel cf 4D ge. of cimoniun nitrase wos vosel; 25 ge Wos in
at the start o 20 ge altfiticnal wag 27 ol Sver the olAition of the
firat cigiht crtiong,.

(\}) arrroniun nitrate acle? o5 in note (1). a1l i the zoectice
anhydrice wns n2led before the wdfition of Hirticn #20,
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Corments on Table II;~ Experiments V-70, V-7L and V=72 show

how the quality depends directly, and the yield inversely upon
the quantity of nitric acid. A comparison of V-76 and V-86 shows
how the quantity of acetic anhydride may have the same effects
upon yleld and quelity. Runs V-87 and V-88 indicate that less than
50 g of ammonium nitrate may be sufficient. Run V-88 indicates
that it may be ¢of value to add the acetic anhydride during the earlier
part of the reactinn (cf., V-76).
During the summer months we kept the nitric acid in a cold
place to prevcnt its decomposition. Then this nitric acid was used

the volume wes measured at 10°. Sinca V=73 the majority of our

'experimonts were performed with nitric accid at room temporature.

.Those volumes woro measured at about 25°, We hcve found the rosults
to differ appreciably depending on the temperature of the nitrie

acid when it vas measured out. In Table II we hove specified whother
the acid used was cold or at room temperctura.

*
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| thing'%ﬁg rrevious year RDX had been prepared not only from
hexamine dinitrate but also from solid hexamine and from hexamine in
acetic acid solution* (presumably as the hexamine diacetate). The
procedures with solid hexamine corresponded to those in which the di-
nitrate was employcd. With hexamine dissolved in acotic acid, the
proparation was carried out by adding gradually the two solutions, (1)
hexaminc in acotic scid and (2) nitric acid, to ammonium nitrate and
acetic anhydride (62% yield)** Tho conditions which wore worked out
for the prepvaration of high quality RDX from hexemine dinitrote were

found to bc applicable now to the propctration of RDX from hoxamine or

. from a solution of hoxamine in acetic cecid,

Fronm Solidé Heoxoming:- In V-46 are given the details of & prepa-

" retion of RDX using solid hexcmine. For thc liquid in tho flack a
certoin omcunt of mother liquor (not diluted with water) was used
which had been obtained in o previous run by filtering the soiid RDX
from the cocled roaction mixturo. Mothor liquor was omployed in order
to climinate ths usc of fresh ncctic acid and thus eliminate o certain
amount of the recovery of this reagont. Thc proccduro alsc reprosent-
¢d a preliminory step toward a continucus method of operation. Mcthos
liquor was usod in all of the experiments listed in Table III except
V-118 and V-119 in which c mixture of ncetic acid nnd acetic anhydri'c
was used in the pet.

V-46:~- The prccedure wos the same as thot employed in V-61 (page
3). The hexamine (33.6 g.) wos divided intic 26 portions. One

* Dr. G. F. "rigat at the University of Tcronte was the first te
use 2 soluticn of hexcmine in acetie ceid. o

** DPhis prccedure was inndvertuntly omitted frcm'the formol re-
port ci' lust yocr.
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hundred and thirty cc. of acetic anhydride was placed in a burctte
calibratcd in 26 portions and 41 ec. of 98% nitric acid was placed in
another burcttc calidrated in 26 portions. '
At the beginning of the run 65 ge. of ammonium nitrate and 30 cc.

of mother liquor from a provious run werc placod in the flask. The

. temporature was raised to 75° ard 30 ce. of acotic anhydride, (this is
30 oc. in addition to the 130 cc. of acetic anhydride in tho burctte),
is addcd. Thc addition of the two liquid ané so0lid reagents is then

. started simultancously. The roagents are atdod equivalontly over a
pericd of about fifteon minutes. The product is aged and cooled as

before to 60°, filtcred, washeld and dricd. Yicld 75.4 g. (first crop);
m.p. 200-203° (ccrr.).

Table III
Roprecgcntztiv: Exporiments Using Solid Hexanine

All of thesc cxperirents uscd 33.6 g. of solid hexamine and 160 co
of ncctic anhydride and werc run by the proccldure described in V-46.
The addition of the reagents requircd ugprcximately fifteun minutes.
The tempercture was maintaincd ot 76-77Y during the reaction. In all
cf thce runs, except V-118 and V-121, 30 cc. of the cool, clecar mothor
liquor from o previous run wag placed in the flask with the crmoniunm
nitrate before the other reogents were adlcl. The addition of the
ligqui¢ and of the 80l1lié¢ reogents starteld ot the garnc tince execept in
runs V-52 anl V-54 vhcere the liquids had onc nortion adled before the
nddition of solid commencce?.

Thecretical Yiell = 106.8 #.

Mep. °C Nitric Armcniun Nitratc
COrr. Acid cc. g

201-204°
201-203° Uj
197-202° ; start
after portion
V-53 69.6 199-202° £1° start
V-5¢ 66.9 202-205°

v-118° 68,6 198-202° 42 a8

v-121°% ¢6.2 198-203° 43 n m

(a) Onc porticn chend on the adfitison ¢f tice licuics.

(b) Ran in 50 ninmutces; totnl of 175 ce. uf fectie anhiyiride
uscde. Pot contzined 30 ec. of aectice anayliricde 21lung with the anponiun
nitratc.

(c¢) Tctal of 175 cc. of ncetic anhydrile uscl. Fot esntained
30 cc. of acctic anhydride along with the armoniw nitrate.
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Coments on Table III: Higher yiclds were obtained when less
nitric acid was usod than would be calculated from the experiments on
the dinitrate. A larger arount of armonium nitrote u‘pponrs to be
desirablo than is uscd with hoxomino dinitrote. A comparison of V=47
ond V=54 shotus the tromendous difference causod by being one portion
ahecd on the ?iquiés, acetic.unhydride mé nitric acid, relative to
tho addition of tho hexamine. More efficient cocling is needed with
hoxamine then w7ith hexamino dini trate.

Hoxomine in Acotic Acid.- The fellowing variations of the
procedure wore envioyed (arrows signify madded t2").

"procodurc  Soluifers_in burettes H&E’M’M
A Hexemino in AcOH - Suspension cf cmmeniunm
98% Nitric ccid nitrate in ccetic enhydride
Hoxaniine in ACOH - Suspension of arnoniun
9ef Nitric acid nitrate in AcOH (snmall

Acotic anhydride anount) ond some acetic
anhydride

Anmoniunm nitroate in_» nother liquor (AcOH and
nitric acid acetic ide)

é‘ Hexanine in AcOH —> Mother liquor or sirmlated
3) Acetic anhydride

Only a fow runs (V-123 and V-128) were ncde enploying procedure
A (a procedure which Dr. J. R. Johnson has studied extensively). We
obtained scriewhat botter results by procgdura B ané variations which
represontec & conpronise between A ond B, The rosults of represent-
ative experiments are given in Table IV. The experinental details

of an experinont enploying procedure B are given in V=129.

Exanplo of Procedure B §v—1293.— The operations were cerriod
out in s canner describec 1n s
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A solution was prepared containing 33.6 g. of hoxanino dissolvod
in 55.0 g. of gl~cicl acotic acid (actunlly ten times this amount was
rroy:yod). The burette was £illed with cbout half again the amount
requirod for one run. Tho burotte wcs calibrated fronm near the top
to deliver the 88.6 g. of solution in 25 equcl portions, Thus it was
not necessary to'drain the last third of the sonewhat viscous solution
from tho burette, A4 socond burettec wns filled with 80 co. of acetic
anhyaride and calibrated in 25 portions. Tho third burettc was
rilled with 47 cc. of 98% nitric acid, 45 cc. divided into 25 equal
portions' cnd tho other & 2c. t¢c bo ndded at the beginning of the
roaction, )

At the beginning of the run, 65 g. of dry armoniuh nitrate and
30 ce. of glocicl anetic acid wore placed in the flask, The tenpere
ature of the watsr tath wes raised to 80° and 80 cc, of acetic dnhyde
ride was cdded. “TMen *ho intornal tenperaturo had risem to 659,

0.5 cc. of the hexnrine sclution was added cnd then 2 cc. of nitrio
acid, The twonty~Tiws portions of the throe recgents were then added
sinultaneously ovar o period of thirteen nimites, maintcining the’ )
tomperaturs at 7%-75°, The product was aged, cocled to 600, riltered,
washed and driod, vViold, 72 g. (68%); n. p. 199-203° (corr.).

The hot filtrate wos Ailutod with 630 cc. of hot water and hoated
for threoe hours on o stosmr: bath, The nixture was cooled to roon

* temperature and filtorod. Yiold of second erop, 12.7 8e¢; Te Do 190-
197° (corr.). Total yicld 84,7 g. (80%).

Table IV
Exnorinents Using Hoxsnino Solution

(Procedures 4 and B)
Theqretica} Yield, 106.8 g.

Yield; M. p.,°c6 Nitric  Material in flaskd
total (corr. ) acic;© at start of the
8. Acln, reaction
cc.

e
°

a.z2

[4]
e
-

199=203 43-0 60 cc. AocAn; 65 g.
191-197 130 LN

®
e
[

76.0

L ]
»

198-202 43=0 160 cc. ALchn; 65 gz.
190-194 Neno AN

i ]
S0 ulF 99 oo o

el.1

198-202 43=0 100 cc. Lcan: B5 g.
189-195 60°® AN

o Ho Fo Ho

w - pg) Wy W

80.%

195=-201 43‘8 30 cc. LCOH; 60 cc.
100

_ 188-198 LeAn; 65 go LX
85.6 200-203 LTtz 100 cc. icOH; 60 cec,
190-198 100€ Leln; 75 g. AN

- -3
e

195«201 44.) 30 cc. ACOH; 80 cc,
190-200 80 80 cc. ieln; 65 g,
N

83.6

pHE o P F P ke
St m® Nnt® St L g St St St g g S

-3
own
« e




Toble IV Scontinued}

199-203 4T7=4 100 cc. ACOH; 160 co.
191199 none Loln; 65 g. LN

GUINT |LJLN 1IAL

199-203 47«2 30 cce. LCOH; 80 co.
190-197 80 icin; 65 g. LN

198-203 4732 as in V=129
191-195 80

472 cs in V=129
196-202 80

199=203 47=2 100 cc. LGOH; 60 cc.
195-202 100 hchn; 65 g« AN

200=204 47=2 30cc, LCOH: 60 cc.
194-201 10 Lein; 65 ge &N

200-203 472 as in V140
190~197 110

201L-204 50=3 as in V=140
194200 110

47«2 30 cc. AOOH; 30 ccCe
140 Acin; 65 ge LN

47=2 30 ec. ACOH; 30 cc.
193-204 140 Leins 5C ge &N

201-203 50=3 as in V=147
140

e 47=2 c8 in V=147
105=202 140

201-203 g2t cs in V=147
- 140

106=202 LT =D as in V=147
140

A1 experirents are iconticcl with V=129 except as noted.

Notes:= () Folloiiing "1" are the weight ond e Te of the first
cren; wan 1s the seccni CTOD. See Gescrintion cf V-129 regeriing the
first and second e0D. {b) With previcus softening. (c) The first
nunber is the tcto ce. of nitric ccid used; following the hyrhen is
the nunbor cf cc. added buslore the egquivalont a2dition of the throe
© reagents coimenccs; she bottorr nusber is tac cCe of ccetic anhydrice
cdded. () See Tabls T fcr the abbrevictlcns usel. (o) ill acetic
cnhyérice added during ithe first six nminutes. (f) sddition roquired
25 minutes, recction run ab 65°

)1 [
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In precedurc C the emmoniun nitrate 1QC§HSQE)§EJIAetTorn of o
scluti~srn in 9€% nitric ncid, 4is a reasult all of the rcagents employed
in the renction are edded in the form of liquids. After'this proced-
. ure had beon devised, we loarned that Dr. G. F. W.ight 22 used it
earlier.

waen arroniun nitrate is 2issolved in yellowish 98% nitric acid,
sassing occurs. This ceases after a shert time ond a nearly colorless
solution rosults (with the pronortions given in tho oxporinent).

In rrevicus exrorinents in which a small anount of 98% nitric
cid wies 2dCed to acotic anhyZride in the roaction flnsk at the start
¢f o run, it was observecd that a rather violont reaction was likely to
take plree whom the mirture was kept too long at 70-80° before the
ﬁddition cf the cther ronzents wes started. L smell emount of hoxe
ariine, frov or in the foxiz of its dinitrate (or diccetatc) was found
to iniiibit thiz¥esireble eaction. It was observed that o nixturo
of aestic anhy’rile ant ths sctluticn of arwioniun nitrate in nitrie

g§1d:@sc& in the exporincnts il net rendily give rise to the violent

rﬁgét;pn (at least it was zroatly delayed) so that nc hexciline needed

te7bo taidod as an inhititcr.

.Ié-‘,

S Mo exnorinental dotcils for the procedure C are given in V-167.

‘Bxale of Prceciure € (V-167).- Fifty-five g of armoniun
" nitrdte TOS TEHESLVIITINTTE E. oT 98% uitric ceid and, aftor zassing
Lnd coased, thia solution wns cooled te roorr tenperature. The hexanine
soluticn wos renarad as in V-129; for the oxperirwent 89.6 g. of ths
acotic acid sclution containing 33.6 g of hexanine was eriployed. The
rrmoniun nitrote-nitric neil soclution wes placod in o buretto calibrat-
¢l in 25 aquzl portions Zlus one 6-ce. portion. The acetic anhydride
(150 cc, ) wns places in anctlher burctte crlibrateld in 25 portions.

it tle gtort, 30 ce. ~f A ocizl acetic acid and 30 cc. of acotic
anhyrite were leec? in the flask. JLfter the tomperature had becon
raisel to 757, 6 cc. ~f the wrionium nitrato-nitric ncil solution was
atdcd from ths boreitc. Tho three liquids in the burettcs wore then
‘ndfed moriicn fir vontliin sinnltanecusly cver a weriod of thirtoon
~iputes. Taz tamnerah.re wor reintained at 73-75° and the nixture was
stirre? vi~creusly thyouchont the renetions The nixturc was stirred
2t thot torvrature for ton ninutes, thon allewed tc cool to 60° nnd
filterc'. Visll 70.7 5. (first crop); men. 201-203° (corr.).
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In ancther run the recaction mixturc was diluted with 600 cc. ef

hot water and the well stirred reacticn nixture was alloweéd to ccol to
20° and filtered. Yicld 84.1 g. m.p. 197-202° (ccrr.).
In still another run the reactign mixture without éilution with

wator was stirred as it coolcd tec 20Y; the prgduct filtered, and wash-
" with hot wator. Yicld, 79.7 ge; meD. ’199-2029,

e 8 Lopa, i ess oniun nitrate,- If it
is diffioult to reccover the exeess armoniun nitratc used in tho pre-
paraticn cf RDX it bocomes of prime importance tc reclduce the excess
armonium nitrate used to a minirmun, We have econfucted a series of
cxperiments using the ammcnium nitratc éissolved in the nitric acid
with“the aim of cutting 2own tho ammoniun nitrato.

~.-Tho following five cxporincnts are citel as typical of the results

cbtainecd whon loss cnmoniun nitrate is employed.

Table V

Exporincnts Using Less Anmenium Nitrate

4All of thosc oxperinents arce by the sane gencral procedure as
deseribed for V-167. The cmnoniun nitrate was dissolvel in nitric acid.
In all cases 33.6 g. of hcxaninc cissolvel in 50 g. of acoetic acid was
employad. Thu RDX was isclated by filtering tho undiluted methor
liquor at 609,

Run First M.p. ©C Material in
No. ercp® corr. ) flask at the
e start

V-152 74.2 201-203° 55 g. AN
72 g. nitric
165 cec rcAn

Rocgents adled

5 oc. AcAn
25 cce AcCH

V-153¢ 72.8 201-203°

V=160 71,5

v-161°% 70.9

V=162 177.5

200-203°

201-:0%°

50 3. 4N

72 g nitric «

145 cc. scin
T . Al
. .. nitric
47 Uue ACAn

A AD =

75 4. nitr.c o

10 ¢cc. Acen

50 ae A'LJJ
70 gc. nitric
140 ec. Acan

30 ecc. AcAan
30 cc. AcOH
58.AN

20 cc. ACAN
30 ec. AcOH

30 Acsin
30 ALAcOH
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Notes: (2) Approximately 10 g. should be added to these values
to get the total or single crop yield. (b) This is the number of
cc.'s of the ammonium nitrate-nitric acid solution added to the flask
before the simultaneous addition of the iaree reagents commences. For
the abbreviations used, seo TableI. (c¢) The product from V-153 and

- V=161 filtored well. In thec other runs thore was a small amount of
very fine material which caused the filtration to be¢ slow.

These five exporiments indicate that it may bo possible to devel-
~opc a satistfactory procecdure for the preparation of RDX using well
under 60 g. of ammonium nitrato.

Effoct of Various Factors on Yield and Quality of RDX

; gmountn end Concentration of Roagents.-~ It was found that in

.anptgl the mixturce should contain throughout the reaction;

1) Somc excess of nitric acid
2) Somc oxeess of ancetic anhydridc
s235.3) Somo cxeess of ammonium nitrate

%Thqsa statoments apply to tho initinl mixturc in the pot ot the start

of tho rocction as well as to thc rcocetion mixture during the reaction.
‘In ordor t: obtain the proper conditions, som¢ nitric acid and acetic
anhydridc and ammonium nitrate werce goncrally cdded to acstic aeid in
tho pot beforo the run was atartod. Usually the concentrations wore
thcsc which provail in the mother liguor at tho ond of the run. It is
especially important that tho nitriec ceid concentration be maintaincd.
If too littlc nitric acidé is cmploysd or if no nitric acid is
present, o gelotinous product is formeé whiech is difficult te stir and
difficult to filtor. L largo cxcess of nitric acid results in oxecp-
tionally high guzlity RDX but in & lower yicld, so thers c¢xists o
moro or luss optirun concentration of this reogunt.
’ It wns our cxnoericnee thot i1 io beut to cvoid too grect o con-

centration of cectic anhyiritle in tac renctior nmixturc. For thils

reason W¢ proferrcd, for cxompic proevlure 5 over A (page 12) in
which thu cectic cnhydride is caded grodutnlly along witth the other

reagonts to the ruaetion pet, rathvr than have it 2ll in the pot ct
-1
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the stort of the rcaction. Too much acctic anhydride sccomed to result
in a dcercoscd yiclde One roason for this may be the fact that cmmon-
iun nitratc is not very soluble in acotic anhydride.

If thc anount of ammonium nitrate is too small, thc yiocld of
produet drcps. With o largor cmount of ammonium nitrate o greater
amocunt of nitric neid can be tolerated by the rcaction mixturc, which
results in a high yield of gcod qunlity RDX.

Effect of Timc and Temporature.- In 211 work previously reported,

fiftoon ninutes was morc or loss the stendord time of reaction for the
amount cf hexemine (33.6 g« or the couivnlent amount of dinitrate)
uscd in the runs. Anticipating éifficulty in adding recgents in that
"timc on a larger secle, wo carricd out a numbor of cxperinonts in
_which the tine of edditicn of reagonts wos greatly inerecsod.

In sencrcl wo found that satistfactory results ean be obtained in
slow:runs provided a lower rencticn temporaturc is used. The follew-
ing-tablic shows the rcsults obtained.

; Table VI

Theoretical Yicld, 106.8 g

Roh° Yiold M.p.°C  Timc of Tomp. of Nitric Acid
Nea: first (corr.) Additicn Roacticn cec.
crop, & (minutcs)

V=36 7846 202-204° 34 750 26
V-94 78.9 200-203° 24 75° 26
v-984 7343 201-203° 54 75° 26
V-98B (: 65.7 202-204° 75 26
v-99 n) 74.8 202-204° g 25
V=100 7.0 202-204° 25
v-101 74.5 202-204° 5 ) 25
V=102 () 76.4 25

V=86C 72.0 201-203° : ' 25
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feble VI (ocnt.)

v-103 (o) 178.2 202.5-204.5° 60 24
v-105 (a) 83.5 199-201° 13 25
v-106 (2) 76.6 201-203¢ 50 26
v-107 (2) 70.3 201.5-203.5° 100 25
v-108 (b) 66.4 198-202° 60 41
v-116 (z2) 77.1 201-203° 25 26
v-118 (b) 68.6 198-202° 41
v-150 (c) 74.1 201-203% 47
v-187 (a) 63.7° 193-195° 41
v-188 (a) 59.7° 1.99-201° 41
Notes.- (2) Hoxanine asnitrate was tho reagent used (proccdure
vy-61), (b) Solid hexanmin: wos used (proccdure V-46). (e) Hoxamino
':afdsolved in acotio acid was uscd (proccdurc B). (d) Tho hexamine

¢ _was ‘@issclved in acotic acid¢ and the amnonium nitratc was dissolved in
984 nitric acid. (o) Total erope

$28 Prooossing of RDX

27 #41tration of RDX from tho Rosotion Mixtarc.- In a groat many

cxperinmonts the rcacticn mixture, containing suspendcd RDX, was cocled

to 60° and than f£iltcred at this tonperature. The product on the
f£i1ter (so-ocallcd first orop) woas usually in the form of glistening
crystcls and was high quelity RDX, proctically free from HMX. Its mepe
wae useally above 200o an® itas scnsitivity corresponded to that of RDX
‘prepared by the circet nitration of hexanince

Fror the filtrnic o 3.COMICICD ¢f produet uae cbtained usually by

nd2ition of vater, fellowe® by dizection at 997 This netericl
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eontained appreciable anounts of HMX and unless subnitted to & sped-

iol treatment (to be described later) wes abnornally sensitive in the
jmpoet test.

By employing the r£i1trotion at 60°, the yield of product formed

in the renction was deterained (ol though only the first crop was
weighoedj the second ¢€rop wsuclly orounted to sbout 10 8. ) much more
rapidly than the case when the entire product wos obtained vy dflution
of the reaetion nixture wiih water, sinmering; coeling, otc. Moreover,
by work!.ns up the riltrate sepcrately fron the sol1d phase, the teche
nique was aiscoverod for getting a second crop in an excellent oryse
_‘tolline forn, and this technique wos then enployed when the entire
motion nixture vwas dilutet.

,Dilution and Digostlo:s. at 95 .= When the total product was to
pe isclated, the recoticn nixturs ot 60-70° wos diluted with wates
until the acetic acid conecniration wo8 reduced to 30-50%, the pixture
gas then heated on ¢ stoon both ! {ntornal tenper ature 90-95°) for an
hour or rore, then the nixiure Was nllowed to cool spontanecusly
with vigerous stirring. Tte resulting orcduct £41tered with ease,

It hnd been fovnd that if thke aituted rother liquor wWas not
heated for somno time, tho product waich wos thrown out of solution
by the wcter aas in & pocr congition for filtration. Moreover, when
the filtrate wos svaporatsed mdcr roduced *ressure, in order to Teé~
cover the acotic acid, o werex-ins soiuble oil cppeared in the flask
during the las® stoges of the fistillavion. mis ol (which was
aecorrposed bY hot aguecvs Acih, $hviag ofi forrcldehyde a8 one of
the products) a4a not appunt SR ol g11utod rcother 1iquor had been
heated at g0-95° four ot 1@ ors o LceorTCingly, the simmers

ing technlque wos Liloyed 1m tvY rebiTe .

jscussed in the section
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oj%onsitivity; a sonsitive product results if 2 hot nixture of RDX

and EML in 30-50% ncotic acid is allowed tc cocl spontcneously withe

cut stirring. If, howovor, tho mixture is atirr;d vigorously during
tho ccoling rrocess, the product possessos norncl sensitivity.
Purifioction of tho Product

The procuct which wes obtained by the operntions described above .
was unsatisfectory fronm tho standpoint of acidity and vacuun stadility,
A satisfectory product wos obtained by dissolving the product in
acetone or nitronethane on@ then passing stean into the solution
until all of the ~rganic sclvent was removed.

Purification by an lLcetons Trentnont.- Fifty grans of crude

RDX (acifity, O. wos cissolved in X0 cc. of 1ot acetone, and
steam wns passod intc the solution till all of tho acotono had beon
renoved. About 25C ce, of wator wos prosent nt the onl of this ope¥r-
ction. The protuct was filtered frcm tho ccoleld reaction rixture.
Yiold, 48.9 g.; ncicity, 0.C2%. The ncotone in the distirlate wes
“fetionated and reusod. L4s will be shewa later, it is necessary to
renove the ncetons in a loizurely fashicr (atout three hours) with

vigorcus stirring during this operation anmd during the cooling pro-
QG838

Purification by Means of Nitronctheno.- Ten graris of crude
mntorlial wos Glssolvee 1n 4C cc. of hot nitr-nothano.” It wns hoated
with 5 ec. of water on the stean bath for three hours., Twenty-five
ce, of wern wator was cdded and the riixturo Cistilled undor o slight
vacuurl, Twenty-fivo cc. more of weter was cdded end after cooling

the nixture wes filtered., Yield, olmost quantitative. .Lcidity,

0.02%, The nitromethane is serarcted fro-= the wcter in the distillato
an? roused,

In eltornctive rethod of purification is to suspond the cruco
mintericl in o Soxhlet thindle in 2 fleosk containing boiling aquecus
roetcre. Lfteor extrocticn is complote, the purified procuct is fil-
tored fron the acetone solution. This nethed is rapi@ opf? requires
anly a sucll cmount of acetons.

Purificcticn ty .Lcetone Extraction Using 20-50% icetono:=
Trontretive rons o ac y
tairblo. This 7as susytended in 2
Airectly bolow the lower cnd of tha condonser so thirt 1t received the
condencsofr acctone returning fron the corniensor whilo ot the scne tine
tiie product wns kept hot by the hot vepors cf the acetons. An RDX-
saturcte@ solution of 100 ce., of recetenoc and 1CC cc. of water was
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rlaced in the flask an? hected undor roflux 4A/NhelMEDHR Apth. The
extraction wns conpleto in c short time., 4fter refluxing for one
hour, tho nixture wes filtered hot and washed with 50% rcotomno. '
Yiel d, 21 g.; ccidity, 0,03%., The filtrcte was use? fcr another run,
Finer crystcls werc produced when 20% acetcne was uscd., Even
with this lcw concentraticn 25 g, of RDX was dissclvad in less than
one-hour.
-In these oxperinents an odor of fornaldéhy(o was detected at the
top.of the conlenser.
&3 Properties of the Product

General propertics
£ ﬂ@}ting_pg;nts.- The RDX which was filtered fron the reaction
hixtiro at 60° (first orop) usually nelted above 200°, corr., showing
scie softoning below the melting point. The second crop nelted

lower (2ue to IIX nresent) and softoned ruch nore before rel ting.
Totel cropr likewise shomed ~ sonewhat lower n. p.

The riclting peints were detorriined in an arparatus described by
Hershters (Ind, Zng. Chem., 8, 312 (1936)). We used aibutyl phthalate
.as the tath liquid, 4arn :inschfitz therroneter which was recently ealie
bratel against o U, S. Eurccou of Standards thernoreter was enployed,
It wcs irnersed in the bath to a-proxirately the 195° mark. We have
dosignated thct terperaturec ot vwhich the first droplet of liquiad
can be sesn as the beginning of the nelting point. The final terper-
ature recorde? in tho nelting point signifies that the sarple is

commletely nalted.

Leidity, Vacumn Stobility and Powoer.- As_stated previously, the

'acidity of the nreducts was brought to about 0.02% by acetone treate
rient (page ?1). Prior tc tiis troctriont the ceidity ranged fron
0.1 to 0.3%.
7¢ have 1ittlo infcrtiation on the vacuu: stebility of tho pro-
duet at 150°, Houever, natorisl prepared at TEC, cfter acetone
trectnont, nmeets specifiections in this resrect.

Bnllistic rorter tests corried out at Bruceton hove shown that




The products possessed the pcwer of British standard RDX. Some of

the rosults are givon in the following tablo:

Table VII CONFIDENTIA|
Ballistic Power of RDX Samples (TNT = 100)

Matorial Ballistic Power

Standord RDX 150.0
H-1 PFirst crop (filtered fronm reaction at 60°) 148.2
D.l " ” [ ] " " ” " 149 pE 5
H-2 Second cron (by diluting filtrate from H-l tc 149.5
3C% acid and Qigosting for 3 hrs.) .
H=3 Sinzle crop (by }:eﬁfngnx of the entire reaction 147,9
as 2
H~4 First crop material (H-l) heated in nitro=- 154.0
nethane sclution with water on a
stean bath for 3 hrs,; thon the
nitrcnothcne distilled. )
D=5 First crop (D-1) trected as in He4 155.9

. Note.~ Tho H series wero propcrel froo hexanine. The
D serios woere proparei freoni lhexarmine Cinitreote.

Sensitivity of RDX-HMX
Tests at Bruceto: shcwed that first orcp RDX (obtainel by filt-

retion of the recction iixturc at 60°) possessel nermal sensitivity

(Le0., the sane sensitivity as British RDX preparel by Cirect nitrnt-
ion of hexanine "ut seconi crops and single crops (ottainel by

crovning and siruwering) prepcred in the leborctory wore usually cbe-

norniclly sensitive, Table VIII

SENSITIVITY OF RDX PRODUCTS
50% fire for & Xg. wei(ht Tests by Bruceton
3 British stanéard RDX 40-48 cn.
Soe Table VII for description of samples ‘
Foll in en.
Sanslo As received «-100 $200

H-l1 PFirst crep 54 50
D-1 First cerep 63 53
He2 Scconrd cron 10 7
H.Z Sirglc ercp 10 10
D=4 3Sirdlc creu 10 14
H=4 Tirst cro; (7itrorothtno- 68 43
w7etor)
D-5 Tirct ercp (Nitromethans- 8 56
wator)
Tirst crop (Digssted with 32 a
55 75 nitrie geid)
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At about the same time| it was found at the Tennessee Eastman
Corporation that certain sensitive needles had eradually deposited
in drums of mother liquor, from pilot plant operations at the Wes-
tern Cartridge Company;, which had been diluted to 30% acetic acid
and filtered. Similar sensitive needles had been isolated by TEC

{Tennessee Eastman Corporation) from hot water which had been used

to wash orude RDX product., We were requested to investigate this

naterial in order to determine the cause of the high sensitivity,
The nature of the neodles, and the means of removing the material
which causcd the high sonsitivity.

We had noticed proviously that first crop RDX appeared as rhombs
.(laoking suszcrficially iike cubes) while needles were present in the
second orop to a consiézradble extont. It was found possible to con-
‘vert purc RDX rhomdts to neodles by recrystallization from acetic aecid
or 70% ritric -cid. If the needles werec digosted with 554 nitric acid
{(in a ratio of 1:5) on ¢ steam bath for 12 hours, or were simply
dissolved in nitromethzno and the solvent removed by steam, the
material was converted to rhombs. The pure RDX needles were ho more
sensitive than the rhombs. This showed that high sensitivity was not
duc simply to the fact that the matericl weas in the form of needles.

Table IX : honet
50% Fire for s-wg%ligévffw or RO TEFLES AI‘lD% smfa og Bruceton
British Standard RDX 40-48 Cme:: < oo

Samnlc Trectment Fall in en,
As obteined =-1004200

B=-2 Noodles ottnired by recrystallize- 45 42
ntion of 1ls%t cren rhombs:from AcOH

B-6 Rhomee cbtnincd by treatment of 1lst 36 38
eror riil ritromethano-wnter
Wcedles. B-0 reerystallized from AcOH 48 37

Exnninction shoursd thot the sensitive products from the pilot

plants were compocsot of RDX and HMX.
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By reecrystallization of 1.2 g. of the sensitive needles from
acetone, a total of 0.93 g. of RDX (m.p. 200-202° corr.) was obtainead.
From the filirate, after removal of the RDX from 5 g. of the needles,
0.4 g« (8%) of practically pure HMX was isolated.

Since no impurity other than HMX was isolated from the sensitive
needles, it was decided to inveatigate the possibility that HMX itself

"in combination with RDX was responsible for the abnormal sensitivity.

Experiment showod that such was the casc, for a synthetic mixture of
RDX (British) and HMX, which orystallized as ncedles from 30% acetic
acid, proved to bc abnormally sensitive (just as scnsitive as the

neodles vhich had bocn sent us)e.

Onc g. of Woolwich process RDX amd 0.1 g. of HMX were dissolved
in glacial acctic acid and thc hot solution was diluted with water to
give a 307 acctic acid solution. The mixture was allowed to cool
yndisturbcd. Tho produci orystallized in long ncodles; m.pe 196-199°
with proviouw softoning. A éctormination of the scnsitivity of this
prodvei at Bruocton ghowicd that 50% of the samples fired with a 5 kge
vwcisht droocing from a height of 6 em. (standard RDX, 45 cm.)

In furthoer work it was found that RDX containing HMX was not
aiways scnsitives In thc pilot plant at TEC the product (which con-
toins HMX) gencrally posccesscd normel scnsitivity. Inasmuch as TEC
stirred thceir batehes, we investigated in the laboratory the effect of
stirring on th¢ sonusitivity of the producte A number of mixtures of
RDX ~nd HMX were orystallized from 30% acctic acid both with and withe

out stirring. Thc graph and accompanying table show tho variation in
the sensitivity ~° tho camples with the concentration of HMX in
* gtirrsd ond uwnsiairiwd mixtures.
] Toble X
+11 of ith¢ samplea were made by dissolving the solids
in hct glacinl cectic acid, diluting with twice the
volume of tsil!ing water, and 2llowing to ocool to room
tomporaturc with or without stirring. Tho stirred
products co Toted oi” stout crystals while the un-
gtirred sor~ita vere obtaincd os nccdles or thin plates.

Sooludiel wroooss R and purc HMX werce cmployed in
2ll of bhar snmplas.

ONFIDEN
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% RDX HMX  AcOH Yield Sensitivity
HMX 8o 8 CGCe Stirrcd Unstirred Stirred Unstirred
0
1l
5
10

6 0 140 70 om, 70 em.
10 0.1 280 9.7 70 20

4,75 0.25 140 4,8 55

9.0 1.0 280 9,5 60 (12) 7
16 4,25 0.756 140 4,8 44 (18) 3
50 0.5 0.5 70 1.0 11 6
90 0.1 0.9 140 0.9 9 9
100 0 0.5 70 0.47 10 13

Notes: At times some samples have shown an cnomalous change in
* sonsitivity. Thoso wvaluos aro given in parcnthoses in

tho table. Other portiona of the same samples later
showoed normal scnsitivity. Ve are invostigating tho
causc of this phcocnomcnon.

Ths sonsitivitios werc dotorminod on onv of .our own
impact machincs on which Woolwich process RDX gave a
value of 70 cm.

Examination of thc tablo and graph shows that insensitive mixtures

of RDX cnd HMX can bc obtained containing up to 10-15%4 HMX when orys-
tallized from 30% acctic 2cid with stirring during the cooling procoss.
This is considcrably more than the # HMX in tho product made in the
combination proccss., It is rocommended that vigorous stirring be

employcd whencver RDX contcining HMX is processcd.

Sensitivity of Singlc Crop RDX (Contains HMX).- The application

of the information grined from the oxperiments jJust deseribed to actual

reactﬁdﬁ mixtures is shown in the following exporiments.
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Two normal rums were made (V-~179 and V-180)., Both of them were diluted
at 65° with hot water to 30% acetic acid concentration and the mixture
heated at 90-95° for two hours, one with stirring and the other withe

" out stirring. The first one was allowed to cool to room temperature

, With stirring, the other without stirring.
Run Troatment 50% Fires

V=179 Single orop heated at 90-95° Above 55 om.
in diluted mother liquor for

two hours with stirring;
coolud with stirring over a
five hour period

Singlc orop heated at 90-95°

%n diluted motho: 1%qno§ for
Wwo hours without stirring;

cooled withFout stirring over
a five hour perilo
This result shows that the mixture should be stirred vigorously
huring the simmoring period and throughout the cooling operation.
sonsitivitics of First Crop, Sccond Crop, and Singlc Crop Pro-

duocte Aftor Various Trcotmonts.- Digestion of first crop material

with hot (90-95°) 305 acetic acid did not incroasc its sonsitivity.
Producet of normal sonsitivity was obtained by cooling the rcaction
mixturc without dilution .to 20° and filtering and also by diluting tho
roaction mixturc with hot wator and cooling. When thoe first of thesc

was digostod with hot water, it bceame sensitive. The data are given
in Tablo XI.

Table XI Tests oy Bruceton

Fall in cm.
Samplc Tro.omnent As obtained -100-200

C-1 First crop digested with hot 52 44
305 ceutic aeiéd

C-2 Reoetion mixtuie (V-129) rapidly cooled 48 44
to 20° witiiout éilution and filtored.

Cc-3 Sample of O~ Gigested vith hot water 15 19
(90-$5°) for L& hours. '

C-4 Rcaction nixture (V-168) diluted with 47 45
hot woter oné ccoled rapidly.

In Tablc XII ! shown thc sensitivity of second crop mctorial

' |
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vhich had rcceived trcatments of various kinds. Most of the trecat=-
ments failed to improve the product. Solution in mitromocthane follow-
od by steam distillation 4id improve the scnsitivity. It is of inter=-
" est that TEC have roported that analogous acctonc purification (page 21)
, - 63nvorted abnormally sensitive mnterial to normally sensitive matorials
Table XII
SENSITIVITY OF SECOND CROPS(RDX-HMX)  Tests by Baveeton

Treatment Fall in .

) As rccoivod Screonod
Heatod 90 minutes in acctie acid 16 12

From mcther liquor that hod been

ncutralizoeé before diluting S 6
Digested mith 5556 nitric aci@ 26 (crratic)ls
Hoatod in dilutod mether liquor 24 nrs. 6 6
Disvolved in nitromcthonce and stoom 2istillced 3C 23
Fron undiluted mether liquor 32 32

Scnaitivity of HMX.~ Wc prepared o bateh <f HHX from dinitrcpenta

cathylenctetranine aceording tec Wrightt's mcthe” and rcerystallized it

Tirat frem aectone anl then nitremethencs Thic B (rn.pe 280-281°C,

corre) shot at 53 cme on April 1, and ot 43 ani 47 cms rospcectively on
April 8 an? April 94 A wock cftcer these results wore obtainet it was
Foand thet the HIMX shet at 27 eme Wo ore ol 2 lcas to account for this
chonge in sengitivity.

The following results wiere obtained wher this same HMX was reory-

atallizcd from 30% acetic acid and acetone:

Sample Hoighit of fall in cm. of 5-kg. wt,
for 50% fire.

roerystnllized fron 305 acetic coid (smoll erystals) 27
- reeryabnllized fron 305 aectic acic (loxgze cerystala) 17
rceryctallized from accetone 25

sgeend hateh of HMX was preparce an’ purificd in cssuntially tho

sanc mannox 28 the first bateh and melted ~t 270-280°, corr. This HMX

(last erystnllizotion from nitronethanc) siwot at 14 eme. %hen it was
N
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reerystallized fron 70% nitric acié, the needles of HMX which were
obtained shet at 16 eme When the neofles were allowed to stand in the
704 nitric acid socluticn at rcem temperature for 24 hours, they chang-

edrygiooarse gramlar (apparently bipyramidal) crystals which shot at

®c

HGSIQFQQ, Large crystals of this HMX prepared by slow cooling cf a nitro-
S%ip

- -
.l

athafc sclution shot at 25 on.

o Bpe =

-

Byo"7828 COMPOSITIOK OF THE PRODUCT

iihe preduct which is filterecd coff from the reacticn mixture at 600
is piﬂotioally pure RDX and prebably contains no more than tracos of
HMX. Most of the HMX which is forned as a by-product recmains in the

filtrate, sc that the sccond erop may centain an appreciable amount of
this substancce In the single crcp obtzinel by dilution of the entire
reaction mixture with water, the amcunt of HWX amounts tc 1-8% Cepend-
‘ing upen the procedure omployed. Preliminary results indicate that a
high yield product preparcd in the pilet plent at the Tennessce East-
man Cerporaticn (m.p. 191-194%) probably ccntains 5-8% of HMX.
Isclaticn of HMX.- One mothed of isolating HMX from scocnd crop

material consists in recrystallizaticn frem aeetenc,

Experinontal.- Five grams cof second crop material was dissclved
in thG pinloum anount of boiling ccetsne, As soen as the solution had

cccled to room temperature, the RDX was filtered by suctiocn. Weight,
2,54 g., m.p. 200-202°, Some s0lid hoé@ precipitated in tho filtrote
during the filtration. When the filtrate wes hceoted on the steam dath,
some granular material dié not dissolve. This was HEX; it was filtered
from the hst solution; weight 0.2 g., m.P. ¢8.260°. An additional 0.2
g+ of HMX was obtained from the acutone sclution aftor it had stoud
overnight anl was again warmed. Total yield, 0.4 g., (8%). After
recrystallizaticn from 704 nitric acil, it nmelted at 280Y, (air bath).

Whog mixe? with authentic HMX, one sample multed at 285, another at
273%.

Structurc of IMX.- HMX has the same cnpirieal formula os RDX. A

‘molecular weight dctermination gave a value of 301 with an average
Aoviation of 7. Thesc faets together with its hish melting point and
stability lcC us to suggest the following structure fur HEX and a

poosible mechanism of its formation:
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This formula for HMX can &lso be written:

Nop

2

B}’woz 2

A nslecular ncdel of the proposed forrmula shows that the structure

ig strainlcsse.

Ancl. caled. for CHpN202: c, 116.2; H, 2.73; N, 37.9

%O'u.n - ’ 16.0; H, 2.68; N, 58.2.
Molccular Wci%gt.- A sanmple of HMX supplieé by Dr. G. F. Wiright
(his rcforence numblér 847 A), was uscle. The nethold enployed was the
boiling point cluovation method of Mcnzies. Acctonc was used o8 & 801~
vent. The following values were obtained:
1ol. wt., 286, 312, 296, 301, 296, 302 .
Average: 30l. Averoge doviation: 7 | ) ' . .
o doolatce for CqHgNgOg: 296. Da Wnight oblained valves in this Aegion.

To cheek the methol we nadc soven ¢oterninations on RDX.
Avorage ricl. wie, 223  Avorage ceviation, 9
caleulated for CaHeNgOe: 222.

crystallographic conutents for HMX.- Three erystalline forms of
HMX hZive bcun obscrved L our 1a0°ratorye They have been naned (by Dr.
J. R. Johnson) the alpha (rods), beto (bipyrcnids) ond ganmme forcse.

~ Mo refractive inlices are as follows:




-3 -

Refractive Indices

CONFIDENTIAL

Form alpha beta gama
Alpha 1,569~ 1.569+ 1.730
Beta 1,591 1.592 1.778
1,580 1,667 ‘

Gammn - - -
» The bote form appears to be the stable modification at room temper-

ature.
; Probable Absanee cf RSX

Inasmueh o8 BSX can be obtained from the same reagents used to

) 5 W
prapare RDX by working nt a lower terurature, the possibility that
A procedure was de~

BSX might be »resernt in the RDY vas Joisidored.
voloped whoreby it was poiriuie ¢ dutaemine the presence of as little
This proesdwmr¢ wrs suceissfully applied to unknowns
Yhen applied to two

. as 0.,5% cf BSX,
{synthotic mixtures containing RDI~HNY-B3X).

productz produced at TEC (one of “k=z: was a higheyield product: 2.8
There

pcunls of RDI from 1 p-unl of hexmminec), no BSX was detected,

is ncthing inconsisten? with ths viow that TEC product consists of

only RDX ond HMX.
Procecure for Isolntirg BSX from a Mirtu-e of RDX-HMX-BSX Con-
taint NI of B:ZL.—~ Fivd grume of the ure Is dissolved in
c6., of aceton2 in & 100.-ct. wido-routhed Erlenmeyer flask by heat-
ing on a steam beth. T3 the c¢lear, hot solution is added 25 ce, of
o warm benzene and the mixturse is huwaied on the steam bath in order
to boil out tho a¢trne and much of the benzene., When the precip-
’ ftation of tho solld teies place it is necessery to keep swirling
the flask to orevent bumpinrg. When the hot mixture is quite thick,
The crystals are

it is removed from the bath arnd ailow:d to cool.
filtored or'f (this orop usuelly welghca 4,6-4.7 g.) and washed with

. somc benzocne. The filtrats =ud weshings are now concentrated in a
50-cc, Wide-mouthed Erlenmcyor flask on a stoam bath a 1ittle beyond
tho point wherc orystaullizaticn sets in while hot. After cooling
the second erop of crystals (woight 0.25-0,30 g.) was filtered a.n&
washed 7ith bonzene., Concontration of the filtrate to a small

(a few cc.} and cooling yieldsd the BSX (Note: Pure BSX

volumo
molts aut about 154%

Results

Crop and M, p.
2nd 3rd 4th

Mixturo
1lst
4.5 f:. RDX + 0.5 g. 4.02 g. 0084 8. 0.12 g.
HMX + 0.10 g. BSX 202~204° 195->205° 140-160°

No.
1.
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(5 g.) 4.21 g. 0,65 g. 0.017 g, trage
202-204 193+5205° 185«190 194

0.25 g. 0.03 ge.

2. TEC I=15-G

3. TEC I‘42"G (5 g.) 4.7 go
197-201° 192->205° 192- 205°
4, TEC I-42-G (5 g.) 4,83 g, 0.25 g. 0.03 g. H
I 201-203° 190-197° 190-200°
| " 5.  TEC I-42-G (5 g.) + 4.6 g.. 0.28 g 0,100 g '
BSX (0.100 g.) 201-204° 190-)205 145-1559
6.- TEC 1-4:2-0’ (5 Go) + 4072 goo 0023 go o 0003 80 '
BSX (0.025 g. 198-202° 193-)205  142-150° |

eénd 5 woere given to the investigator as unknowms; to
Tho

ybto: No. 4
onoe of them had been added 0.100 g. of BSX, to the other nome.
vrocedurc then dotected the presence of tho BSX in tho one containing

it3

i From the rosults it is apparont thet «s little as 0,5% (no. 6)
of: BSX cnn bu detocted. Both TEC I-15-G and TEC I-42-G showed no
““gdotzet~ble amounts of BSX; even tho last crop melted at a high temper-

ature. iic believe that even less tham 0,.,5% can be detected by this
At the prescnt timp there is nothing to indieate that the

e ———

Giret

procedurc.
TEC pllot plant product is not simply RDX-HiX.
Invostization of the Roberts Method for the Determinction of BSXe

In~smich c8 no BSX was found in TEC product {RDX-HMX) by the direct

iscloation mothod, it seamed of intorcst to exominc the proceduro of
3 wwhich had boen used by them and recently by
In this proeecdure & scmplo is
From the

Roberts nnd 7otkins
il gstimtion of BSX.

Johnson for
digested 7ith nitric acid in ordor to eliminate the BSX,

in weignt a blenk of 1% had to bo subtraetcd which corresponged

2 e

10.:‘..
to the loss suffored whon RDX was carriod through the some process.
Anprrontly no blank had been determincd for mixtures of RDX-HMX

Accordingly, vo

e m— e

yhich was the matwricl cetually under considernticn.

tested the proccdurs on tho four motericls below in order to dotermine
Our proecdure was €SsOne

if the prusenec of HMX anltered the blank .
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tially the one used by Johnsen (cf. Cornell University Progress
Report, May 15«June 15, 1942) however we deseribe it here as we feel
that the apparatus used, the timos required and the phen;.-mnn odbserved

are worth recordix_xg.

A weighed sample (approximately 10 g.) was dis-
nitric ecid in a one~-liter wide-mouthed

a _'!zErimntnl.-
solved cc. of 968%
Erlenmeyer flask at room tempernture; sclution was rapidly effected

and some brown fumes were evolved although the solution did not bee

come hot. Forty~-ono cudbic centimeters of water was added over a 15
Solid precipitated during

minute perio” with cooling in an ice dath.
vas heated for 15 minutes with

the addition of water. The miztuaa
swirling in a water bath at 69-73" (meny brown fumes were ovolved;
not oll of the material went into selution in the hot). The flask

wcs conled under tho water tap and 800 oc. of cold water was added

dropi7iso cver a 15 mimte period while the flask was swirlod and
The flask was allowod to stand at room

coolod in an ice bath,
tomperanture for 20 hours cnd the soclid was filterad off in a weighed
. Jenn crucible and washed with 200 ce, of water. The mnterinl wzs

ovon=dried for 36 hours and weighed,
Loss in_Weisht

4, Wooclwich ROX . .

. HMX (m. p. 2a1°) . .10

Tt 15 obscrvad hat our "blonk™ on Weolwich RDX was 2,1-2.2%
(instecad of 14) and that with 5-10%4 HMX present the "blank™ was
On the basis

3.4-4,0%, couusidcrably higher than for RDZ alona.
cf thosc tour oxperiments, one would havc coacluded that the RDX-

HX contained 1-2% of BSX in spite of the foct that no BSX was
It is apparent that furthor work should be done before this

presoent.

proceCure can be appliocd@ to the estimection of BSX,
RECOVERY OF REAGENTS
It is pcssible to recover nearly all
If the

Sampl o
1. TYocolwich RDX 2,15%
L 2. Toonlwich RDX 2.24
8. Wealwich ROX . . » .95% 3.47
" HX ‘m. p. 281°) . . 5 '
e 90 4,01

Rceovery cf Acotic Acid.-
of tie acotic cei which is present in tho reaction mixture.

RDX ras been filtcrei cff at 60°, the filtrate is diluted to approx-

imntely 20% ncetic neid with weter and the nixture is hected on a
stoor bath unler s roflux condenser (90-95°) for one tc three hours.

This digestion yiel?s n boetter seccnd crop an® destroys n certnin

watcr inssluble oil which mokes its ~ppeoranco at the end cf tho
After the

veeuum Gistill-tion if this digestion is not cuployed.
mixturc has coole? 4o rocm tempercture with efficicnt stirring the
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secoccnd crop (nicely granular) is filtered from the nmixture. A similar
' digestion at 90-95° is carricd out if a singlc crop is isolateld by dil-
uting the ontire rcaction mixture with wateor to 30-504 acotic acid con-
cgntration; slow ocoling with vigorous agitaticn is employod in order
'to avoil the formation of abnormally sonsitivo product.

The nitric acid in the filtrate is noutralizel by means of ammon=-
iun hyéroxidc (thymolsulfonephthalein uscd as indicator) and the dilute
acetic acil is distilled from the mixture under reduced pressure (15
mm.) at 45-60° (flask in a water bath). About 88-93% of the total
acecic acid is present in the daistillate, which is suitable for concen-

iration to glacial acetic acid. It is not certain whether completec

evaporation of the dilute acetic acid is a safo operation on a large

scale, and in practicec up to now some acctic acid is allowed to remain

in thc sludge.

Recovery of:- Ammonium Nitrate.- The residuc, which remains after

the removal cf the dilute acotic acid, was dissolved in a small amount
of wator and thc solvtion filtered from a small amount (about 0.2 g.)
of insolubiu solid. Tac solution was cvaporated to dryness (treatment
vith Norit is bcneficial in removing color), the rcsidue is moistoned
with glacial acctic acid and tho soliad amonium nitratc is filtered,
washed with o little acetic acid and dried. The ammonium nitrate is
puroc whitc, melts at 164-166° and was found to be sctisfactory for
.preparing RDX. Its wcight corresponds to about 30-50% of the amount

originally uscé in the preparation of thc RDX.
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CONFIDEN
FLOW SHEET FOR THE RECOVERY OF ACETIC ACID AND AMMONIUM NITRATE

In Reaction mixture—-—-——-—-‘

Filter off 75-80 ge. RD* at 60° Diluto entirc rcaction mixture
(mep. 200-203°) to 304 acotic acid and digost
at 90-95° for at loast one hour.
Dilute filtrate to 304 agetic Lot cool with vigorous stirring.
acid and digest at 90-95° for Filter.
at least onc hour? XLet cool
with vigorocus stirring. Filter

|
v XS v
Sceond crcp Nitric acid in filtrato neutral- Single crop
10-13 g. ized with ammonium hydroxido. 856-90 g ®
M.p. 191-3° Acotéc acid distilled at 45-60° M.p. 195-200
at 15 m.

v L]
Dilvte ccotic acid Residae. Additicn of 20 cc.
88-93% of “hc total of water gives a clucr aquecus
ancctic ncid. sclution (10 o0il) ond about
0.2 g. cf ROX (m.p. ca. 190°).
Filter ond cveporate to dryness

Yellcw residue (26-27 g.)

Break up lunps, digest with 13
cc., 0f ®wld glacial acetic acid,
filter, wash with acctic acid,
Perfcctly oclorlecss ammoniunm
nitrate, Yicld, 19.5 3. (n.p.
164-166°)

* Leagsr heating (4-6 hours) gives smmewhat better erystols.

STIDIES ON BSX
Preparation ¢f BSX.- In the previous report the preparction of
BSX wns dcscribed. It was obtaincd by 2lluwing acctic anhydride, 98%
nitric acid, amnmonium nitrate and ﬁoxamine di nitrate tc rczaet in the
ecld (rather than ot 75° when RDX is foermed)e BSX ean be preparcd

wnder the samc conditiona without the use of amnoniun nitrato.

. Expcrimental.- To an icc-ccld mixturce c¢f &0 cec. of acctic anhyd-
ridc and 13.8 cc. of 98% nitric acid thore was nlded with stirring
20.8 g. of hexrnince dinitratc. Not much heat was cvolved and the
s01id cosuld be added in less than five minutes6 The rixture was warm-

cd glowly in tho ccursc of onc-hnlf hour to 75° with stirring ané held
there for five minutes (2 few brown fumes). The glow nddition of 160
ce. of water preeipitated 23.3 g. of product.
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A 15 g. pcrtion of tho crude product was dissolved in 100 ce, of
acctone, the solution was itreccted with Norit and Filter-Cel and the
acotonc wes removed partially by daistillaticn. Whon the volume had
reachcd about 25cc., an cqual wlune of cthyl acutatc was adédeld and
tho mixturc ovaperated to incipiont erystallizaticn, secloed with BSX
and allocwed to cool. The product was filturudé ond weshed with othyl
acotate; woight, 7.6 g.; m.p. 153-154C.

A portion (5 g.) of the orude product wos heated fir 24 hours on
a steam bath in 40 co. of 704 acotic acid. This troctmont destruycd
the B3X ard other low-nclting compcunds. Upen cvaporation of tho
aqueons acctic acid soluticn, 0.35 g. of RDX (m.p. 201-204°) was obtain-
cl, his inlicates that the orude prcduct contains cbout 7% of RDX.

Mclccrlar Weight of BSX.~ Bechmann and Shechon (August 1941) in
pruliinary werk <rn the molecular weight of BSX using thc apparatus of
Mcenzics with ccctoro as the sclvent obtained a valuc ¢f cbout 350.
Thigs wcant that thc structure, diacetylmcethylencdinitramine, which had
bocn toentatively ragzosted on the lasis ¢f cnalytienl values alone,
had t¢ be standeoneC. British workers have repcrted the volues: 416
(boiling pcint =tz in acetone): 346 (froczing peint Cepression in
TIPs 316 (Fxst method):; 353 & 2 {x-ray nethod). de have now repeatod
our original wcrk and have cbtained the following tws scts ¢f values:

223,320,326 ,344,350 (averago, 332) and 335,350,342,341 (avorage 342).
, Degradation Experiments.~ Roburts and Watkins hyCrolyzud many

sarmples of BSX and titratcd the aeid formed. They calculateld the
anelysis as acetic aci? but reported only twe tests which identified

the titratcd acidity as acetic necld (the calciun acoctatc-indigo color
test and the formation of cothyl acetatc which was dctectci by its odor).
W#¢ have idcntifiod tho acid liberatcd on hyldrolysis in varicus ways in
order to clizincte the possibility that the cecetic acil was presont
snly ao o contominont. A samplo of BSX was hycdrclyzel with hot sy:upy
nhogphoric 2c¢ic, the volatile acid wons 2istillel, the distillatc was
nentralized and svaporated in orlor to ronocve formollchyde. Oxidizable
acid (fornic ncil) was destroyed by potessiunm perranganate anl the

purificé acid was convertol to its sodiun salt (scciun acetate)s The

¢ followiing mcthcls of identification were enpliyed:

F'ﬂ';’)éternimtion of th¢ Duclaux nunbers.
2) Cacolyl test with arscenisus neil.
3} Fornation ¢f cthyl ncctato,
} Test with ILanthonun nitrate, icdine an” arminiun.
) Conversicn to anhylrous neil by UWstillatiom of 2 nixture of
thc 552iun sa2lt ané coneentrated sulfuric acid. Tho liquicd
aecid had o b.p. of 2bout 110° an? m.p. 10°,
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6) Ccnvcrsion tc the silver salt. A 0.2117 g. sample yielcod

0,134 » of silver ¢n ignition. Caled. for AgCoHzO0s:
64.63,b.6 Founc: 64.62%.@ AgCaHz0p: Az,

7) Proparaticn of tho solil p-bromphonacyl cderivativo. IConti-

oL fie? o8 p=-bromphenccyl acetate by melting point and mixed
¥ relting point.

; gxdrolxsis:- Ten grams (0.28 moles) of pure BSX (m.pe. 154.5-

. 1955.59, corr.) was warmed on a steam bath under reflux condenser with
100 cc. of syrupy orthophosphoric acid (85%). A clear solution was
obtained after 30 minutes. At the end of 24 hours paraformaldehyde
had condensed in the condenser. One hundred cubic centimeters of water
was added and the solution was distilled slowly using a Kjeldahl buld
to trap spray. Two scparate portions of water wero added and the dis-
tillation vias repeated twice. Volatile acid, formaldohyde and water
comprised the distillatec. Titration of the throe fractions obtained
showod & total of 0.060 moles of acid. A portion of the distillate was
mado alkalino with sodium carbonato and titrated with pormanganato.

The rcducing substance, calébtated a3 formeldchyde, ocorresponded to a
‘total of 0.099 molos (calcd. for four mcthylcne groups: 0,112 moles).
After filtoering the manganese dioxidc, the aliguot was returned to the
main tody of thec samplo and the wholc cvaporated to drynoss. The
‘residno wng dissolvod in wetcer and all oxidizoblo substances destroyed
by permengznate. The manganese dioxidce wos filtered off and the fil-
trotos cvaporntcd to dryncess. Tho resaiduc was dissolved in about 100
cc. of water and treotcd with an exeess of syrupy phosphoric acid. The
solution was distillcd, and when the distillation had ccascd, 50 cc. of
water was eddcd and the distillation repected. The totol distillate
had a valume of about 150 cc. and containcd 0.C55 molces of acid (caled.
for two acctyl groupa: 0.056 moles).

This solution was uscd for dcterminiiny (ho Duclaux numbers and
then nll of thc solation was necutralizcd and c¢vaporated to dryncsa.
Tho sodiwn zectatc thms obtaiuied wes used for the several tests mention-
¢d@ in the dissussion. In additior 2 search wns conducted for othor
acids. Phosuiiate, nitrate, and halide wero founé to be abscnt.

Structure of BSX.- Considerably work hoas boon done by the Britisﬁ
on the structvre of BSX. They have condludeé: (3) its molceeular
_formula is Cgll14176010; (2) that all of its nitrogen is in nitramino
. groups; ~nd tiat (3) upon hylrolysis it viclés four moles of formaldo-
hydc¢ and tws mcles of acctic aecid. They 21so preposced a structural

forisvla ontd o~ pogsihle meehanisn for its formaticn.

Our molccular weight valucs arce in necord with the_moleceular

Weizht roguire? for their propescd fcraula. We lhiave proved conclu-




CONFIDENTIAL

- 38 -

sively thot the volatile pcid formed on tpe hydrolysis of BSX is
acetic acid; and that twe moles coms from one mole of BSX. The
‘formalc‘.ehyde evolved corresponds approximntely to the presence of
four mothylene greups in BSX.

ruation of o 11ikely compound possessing the requisite
moleculor formmle and properties 1s shown in the following scheme.
This involves mercly the scission of four bonds of the hexamine
noleocule and does not necessitate the recombinaticn of fragnentss
The s_tr\icturo of tho rosulting compound 1s one of the tuo that Dr.

J. Rs Jchnson proforro’ to the structure proposed bY Roberts.

-~ CEKN-NOE

__—-——-——"-—-—‘.‘" OAc

Aco0 &z\ k“‘z %

~

i OgN=N
; /cné\ | HNO,

1O,

This formulc May glso be grittent

Aco-cnz—umzuu-cuz-u-cnz-op.c
No, N0z NOp

"Aclmo‘.?.'lc,%gxents:- we wish to.thrnk Mre E, G, Stone, Dre. L. Go
, Vr, D. C. Til, and Dy Fo Re Conklin of tha Tonnesses Eastman
ntions Dr. Fred Olse Cartridge gonpanyj and Dr.
aveon of Y r for their wholehearted
cooper~tion. We o & - Horer ACKins) dr, Ds P. M

golly Drs John C. 1eGill of Bruccton for
tegts rofe o coipounas s ~,
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